A test is presented of the proposal of Pyper that an "orthogonal triplet bond" is an important factor in the bonding of hydrogen to a very heavy element with a single Certain other aspects of the effect of relativity on bonding are also discussed.
Introduction
Relativistic effects can result in substantial deviations from nonrelativistic expectations for chemical bonding where very heavy atoms are involved; this has been discussed in several recent reviews [1] [2] [3] . In the particular case of a single valence p-electton, e.g., thallium, the relativistic p 112 spinor is comprised of both 0 and n components and, for this reason, is not an optimum bonding orbital.
In a very simple approximation, one of us made calculations [4] assuming promotion of the electron from a p 112 spinor to a p0 orbital 1 [6] , it is essentially "double zeta". These methods are described in detail elsewhere [6] [7] [8] ;
the approximations have been subjected to appropriate tests and found to be quite good. Hhile the Sd and 6s electrons were considered explicitly, they are also essentially core electrons only slightly distorted at normal bond distances.
In our recent calculations for T£H, a partial promotion from p 112 to p 312 was allowed for the valence electron on thallium. In order to test Pyper's suggestion that a substantial bond will form even in the absence of such a promotion, we have repeated our earlier two-configuration calculations using the same effective potentials and basis func- In order to define a normal sigma bond for T~H we carried out a third calculation in which complete basis set flexibility was allowed, but in which the spin-orbit effect was suppressed by appropriately averaging the relativistic effective potentials (the mass-velocity and other relativistic effects were left intact). This eliminates the promotion energy between the p 112 and p 312 atomic spinors and thereby allows a "normal" sigma bond to form.
The dissociation curves obtained from these three calculations are shown in Figure 1 and in Table I . Also included in the table is the thallium p 312
to pl/Z electron population ratio for the bonding spinor from our earlier calculations where p 312 participation was allowed.
The double-configuration calculation with p 312 participation yields about 75% of the experimental dissociation energy of 1.97 eV [9] . A five-configuration calculation improves this to about 85%; these are normal results for such calculations which include only part of the electron correlation.
It is clear from Table I and Figure 1 that exclusion of the p 312 participation in the bonding spinor eliminates a large proportion of the bond strength.
Discussion
The p 312
to p 112 population ratio, given in Table I calculates a bond energy of 0.052-0.024 = 0.028 a.u. which is only 0.004 a.u. less than the correct result in our present general approximation. It is to be expected that the optimum bond will have less than full promotion and a lower energy than that calculated for full promotion.
At the potential minimum the picture is complicated by various distortions related to the repulsive effects which are now substantial. Figure 1 that the potential curve without p 312 participation is only marginally deeper than one-third that of the normal sigma bond.
From this alone one can conclude that the orthogonal triplet interaction is not an important factor in bonding in T~H.
For GaH and InH, the dissociation energies for the 3 IT terms are known to be small. Furthermore, there are reported to be potential maxima in the dissociation curves. Ginter and Battino [11] , who made detailed calculations based on the spectra, suggest that the potential maxima arise from avoided crossings and, in their words, "that the 3 1 zero-order potential curves for both the IT and IT states which eminate directly from ground-state atomic terms are intrinsically unstable". Pyper's identification of terms analogous to a nonrelativistic 3 IT state in the p 112 -s bonding function is quite correct. But we conclude both from our own calculations for T~R and from information in the literature that, in the chemically interesting case with an ns 2 shell, the orthogonal triplet interaction, which Pyper asserts to be a significant bond, is instead a very weak interaction. The bonding in energy required for partial promotion from pl/Z to p 312 of the valence orbital on T£, but the orthogonal triplet interaction is not an important aspect. 
